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Purpose and History

« NASA/MSFC sponsored effort to develop impact detection capability
— Reliable and robust
— PC based non-real-time processing
— Work with AVI files saved to hard disk from pre-recorded video tapes

— Available for use by amateur lunar observers to observe/confirm impacts

* Historical Development
— Request from Dave Dunham to process the 1999 Leonid impact tapes
— More proof of concept for detection that turn-key processing
— Leveraged off real-time meteor detection software (MeteorScan)

— Real-time Mac system detected twice the impacts found by eye !
— In 2006 ported from Mac to PC with NRT AVI file processing




Detection of Lunar Impacts

» Short transient events * Motion of FOV
— 1 to 2 video frames — Poor tracking & polar alignment
— Limited temporal signature — Telescope repositioning

: : — Wind and mount vibration
» Circular spatial extent

— Few pixels due to sensor PSF  Difficult to register frames

— Low surface/sky contrast
* Imaged on dark lunar face

— Higher contrast in visible light ° Bright limb encroachment

— Optical train reflections
— Huge #s false alarms

Software needs to be robust « Star scintillation
for amateur use — Mimic impact flashes




Start Up Menu Options

Double click LunarScan153.exe to launch app. Where to send results.
/_UNARSCAN /_UNARSCAN

For impact predictions
type F

Please provide the impact flash info

DATE / TIME / LOCATION

to NASA's Meteoroid Erwiroment
Office at the emair] address listed
under <Contact Us> of the website

http://wew.nasa.gov/centers/
marshall/rmews/Tunar/index. htm]

LunarScan software upgrades
sponsored by

NASA's Meteoroid Erwvirorment Office
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Options: MASK region definition

DARK field update from avi

SCAN avi file or built—in—test
CONFIRMATION of impacts

UIEW and EXTRACT confirmed impacts
FUTURE prediction impact geometries
PLAY digitized video file

QUIT Program

>
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Select a processing option:
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2014 Quadrantids Impact Region

Option #3 = Specific Date...

Potential Radiant 01/04/2014 7:00:00
Impacts Sub-point

N LunarScan Console Window
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Enter Prediction Mode:

FULL YEAR ——> Files

FULL YEAR - Single Step Thru
SPECIFIC DATE — Nearest Shower
SPECIFIC DATE - All Active Showers

-GN =
nn

Selection:

Enter desired date & UT 371571998 15:00:009

A1,/84/2014 7:00:00

opened log file Data\lunar_impact.log for writing

IMO Arrival Moon-Sun Impacts Polar
Shover Delay Rise/Set unlit Graze

Code Date Time UT Hours Hours face « Angle ZHR

QUA 91,/84/2814 0©?7:00:00 +0.4 2.7 38 62 120
e —

\

Encounter Geometry Info

Dark Face Sun llluminated




1: Define Masking / Processing / Lunar Regions

Lunar Surface

Region Adjustment Directions

Press CTRL-P when masks positioned
pe— 14N K.y$ SESEES
QA [
0/L Display time +/-
X Dyagnostic 2
— R/F  whdth +/- Mask
T/6 1t/rt Move Mask
P M Y/H Height +/- Mask
E/D  up/dn Move Mask 1
rOCGSS|ng _ . toggle step 10 & 2 i
. 4/6 1t/rt Move Surf D
Rectangle Region &2 ubldnRers Soé :
Adjust MASKING area (white fiducials) |B
use CTRL keys - see list above
~— Adjust PROCESS area (black solid lires)|dl
. — use adjyustment keys without CTRL
Masking Adjust LUNAR SURFACE (black Fiducials)
. rumeric keys 2, 4, 6, 8
Rectangle Region
~—

Select a processing option:
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fi3i8:18:3:8 13 LunarScan MASK/Processing Setup fi81818:8:8:3
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BIT

Enter Uideo Source: 1 f
DIGITIZED_AVI h

Selection:
Is this a SPLIT AUl file (No=8, Yes=1):

Enter AVUI filename <(without .avi)

AVUI file: lune

Input #8, avi, from ’AUIs\lune.avi’:
Duration: 90:00:32.9, start: 0.000000, hitrate: 128381 kh/s
Stream #8.0: Video: rawvideo, yuv422, 648x480, 29.97 fps(x)

#irowus = 480
ficols = 640
#frames = 988
fistreams = 1




2: Build Dark Frame

EN LunarScan Console Window

SRR iR R R R iR iR iR R R R R R iR R iR R R R R R iR iR iRiR R R AR R R0 0000
12:2:2:21213:2 4 LunarScan DARK FIELD Updating 12:2:2:21213
ﬂﬂﬂﬂﬂuﬂﬂﬂﬂﬂﬂﬂﬂuﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ”ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

= Set the Dark Field to All Zeros
= Use a Digitized AUI for Dark Field

Enter: 1

Selection:
Is this a SPLIT AVI file (No=8, Yes=1):

Enter AVUI filename <(without .avi)

AUI file: Impact_S

Input #8, avi, from ’AUls\Impact_S.avi’:
Duration: 80:00:80.6, start: 0.000000A, hbitrate: 29829 kbh/s
Stream #0.0: VUideo: dvvideo, vyuv4ilp, 720x480, 29.97 fpsd{y»
Stream #0.1: Audio: pcm_slble, 320800 Hz, stereo, 10824 kh/s
firous 480

ficols 7220

#if rames 20

fistreams 2

Either set to all zero or use a collected dark image AVI - avoid hot pixels !

Creates a darkfield.dat file



3: Scan for Impacts / Lastsettings.txt

Version = 1.500000
THRESHOLD FACTORS:
k1 -> 4 x Primary sigma factor =10
k1plus -> extra above k1 for doublet =4
Frame look back for differencing =1
DETECTION PROCESSING PARAMETERS:
Movie loop 1/2 band width (pixels) =15
Patch size (odd #pixels with max 33) =33
SCAN MODE DEFAULT PARAMETERS:
Mode: 1-BIT 3-AVI =3
Frame Proc: 0-Mean 1-Registered =1
Cluster: O-Trips 1+Pixel 2+Doubles =2
Segment Surf: 0-No, 1-Manual, 2-Auto =2
Save Format 0-No, 1-Frame, 5-Mean =1

PROCESSING REGION PARAMETERS:
Row for the top of proc. window
Row for the bottom of proc. window
Column for the left of proc. window
Column for the right of proc. window

MASKING REGION PARAMETERS:
Row for the top of the mask
Row for the bottom of the mask
Column for the left of the mask
Column for the right of the mask

LUNAR SURFACE REGION PARAMETERS:
Row for the top of the region
Column for the left of the region
Std dev factor for minimum median
Std dev factor for maximum median

TRACKING FILTER RESPONSE COEFFICIENTS:
Primary coef, 2 raised to this power =4

FILE CONTROL PARAMETERS:
Digital Input File Directory

Output File Directory

= AVIs\
= Data\

Number saved TIFs before and after —

= 359

=629

=371
=478

= 638

= 324
=302
=3.50
=15.0



3: Scanning Detection Algorithm

v Difference frame relative to unregistered running mean + ko
« Assumes small FOV drift and fast 15t order response filter

v Difference frame relative to frame-to-frame registered mean + ko
- Lower false alarm rate but much higher run time

C1]
T Optional register (translation), warp mean and o
T Threshold
: + 9 .
Triplet +* Exceedance Update
Cluster <
detector

Look for horizontal triplet + singlet or doublet 2 rows above or below



3: Scanning Display

Press CTRL-P to halt processing

LUNARSCAN

Version 1.52

________

B LunarScan Console Window

| Switchable
P = PLAY digitized video file .
__________ Q-WiTProgran =~~~ Processing
Select a processing option: .
Options

LEIRIRERia i g iy g gnttnniiuHntttRtnn
HUHUHUNUE LunarScan SCANNING Menu Selection #HHHHHRRR
LRI R IR R R R iR R R R R R R R R RIRI IR R R R R R R R AR RIRIRRRIRIRRRRERR

Options: Current Settings

A = Scanning Mode Digifile AVI
g = g;ang piocessing ¥egisge; Mean ‘

= Clustering +Dou rows .
D =§ t Lu Surf Auto Histogrm
D - §eqmeng,lyngr Surface futo Higtoor Split AVI

y

CR = f t Cur t Setti f s i
Bhiu-p © fetekn SoRaln fony o for Seonming (no longer req’d)

Toggle an Option or Accept Settings:
Is this a SPLIT AVI file (No+8, Yes~1):

AOI File: @ lapame guithout .avd> & Enter AVI filename

Input #8, avi, from ’AUls\Impact_S.avi’:
Duration: 00:00:00.6, start: 0.0000008, bitrate: 29829 khr/s
Streamn #08.0: Uideo: dvvideo, yuvd4llp, 720x480, 29.97 fps(»
Strean #0.1: Audio: pcm_sible, 32000 Hz, stereo, 1024 kh/s

Hrows = 480
dFvanes © 26 Output filename

Enter the output base filename: testla

Enter a header information line: test r{eaza(jearrlr]ft)
Enter imagery date & UT  3,15,1998 15:45:98.8 Date / T|me(UT)

95/18/2886 3:23:12

B - 10




4: Confirmation of Impacts

BIT Simulation

Press CTRL-P to halt processing

- / = Decr/Incr Movie Loop Speed
[ /] Decr/Ircr Image Contrast

RETURN = Valid impact flash

ANY other key ===-- > Next Image

|
|
;

UIEW and EXTRACT confirmed impacts
FUTURE prediction impact geometries
PLAY digitized video file

QUIT Progranm

Select a grocessing oRtion:

B8 RIR RS IR RIS iR BIR AR IR BN RIB R RIR BB RRIR RIS R RIR R RBIRRIR AR RIE AR
HuunnuRy Confirmation of Scanned Data Hunnnuny
HEdunHnHEnEEHEn R HEHERHERERHBHERHBHERHBHERHBHARERY

woma
nwonn

Enter a carraige return:

HEHBRHBHERHEHERHRHERNEHAHERHEHERHBHERHBHBRHBHBRHEY
Huununny Confirmation of Scanned Data nunnnuny
8B BB R R R R R R R R R R R RS R R R R AR AR R R R

Enter the base filename: test

1  ©5:21:18.648 00:008:15.648 380 358 Framelt

y

Time of Impact (UT and elapsed), row/column, frame#

Commands for:
Playback speed
Contrast

Accept / Reject
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4: Con

firmation Upper Right Window

Peak Frame

Threshold Exceedances ‘

Pre-Peak Peak Post-Peak
Frame Frame Frame
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21 Image Sequence of Interleaved Frame-by-Frame
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5: Review and Extract Confirmed Impacts

=

P CTRL-P to halt 1
Pass x T 88888 SRR SIS iR BRI R ISR RSB R BR R IRIRIR IR RIS IR R RIRIR IR RR SRR ININ

-/ = Decr/Incr Movie Loop Speed Huuun LunarScan MAIN Menu Selection 13181818131
L /7] Decr/Incr Image Contrast HUBHuHBHEHEEEHEREHBHEHBBEBBHHBBEHHBBRHBBHUBBBHBHBRY

Options: 1 MASK r»region definition

SCAN tape, CCD, BIT

CONFIRMATION of impacts

UIEW and EXTRACT confirmed impacts
FUTURE prediction impact geometries
PLAY digitized video file

QUIT Program

Select a processing option:
~uuuuuuuuunuuuuuuuuuuuuuuuuuuuuuuuuuuuuunnnnnunnnu
HIBISISiRiRiRi8 s Review of Confirmed Data 818131888 i8i8i881
8IS BB iSRS iR B SRR R SR RSB RB R R IRIRIR IR BB IS IR RN ISR RS RIRIN IR
Enter the base filename: »10
1 MA:P00:48 .847 0©A:00:48.847 18 222 Framel 1449 1:3

3
‘ RETURN = Save 7 frame sequernce, full 4
image & thusbnail TIFs g

P

ANY other key --> Next Image




LunarScan User’s Guide Available

ftp://aquarid.physics.uwo.ca/pub/qural/LunarScan1.53/

www.lunarimpacts.com
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Send Results to: NASA / Marshall MEO

DATE / TIME / LOCATION

to NASA's Meteoroid Ernviromment
Office at the emai]l address listed
under <Contact Us> of the website

://wew.nasa.gov/centers/
-arshaﬂ/news/'lunar/'lndex htm]

LunarScan software upgrades
sponsored by

/_UNARSCAI‘\

Copyright 2007-2011 Peter S. Gural

NASA's Meteoroid Envirorment Office

| Please provide the impact flash info

Questions ?
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Backup Charts
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PCM for Frame-to-Frame Registration

iImage pair

Typical lunar

Moderately spatially aliased image
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Phase Correlation Method

Fourier domain
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Transla
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low contrast lunar i
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— High spatial al

— Process central region of phase correlation matrix

ime issue for 2D FFT

FOV -2 runt

imizing

— Best accuracy max
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Mitigating False Alarms

Co-register local patch from 2
frames around potential detection

— Use spatial cross correlation
— Good for unregistered frames

Segment lunar surface and sky
— User defined patch on surface
— Automated via histogram processing
— Fast median filter to exclude stars

Histogram Counts

40 60 80 100 120 140 160 180 200

Valid
Region

Invalid
Region




Performance

500
400
2. —
£ 300 —
@©
<
o .
§ 200 Confirmed
0.4 fps 03fps
100
O N -
5 4.5 4 3.5 3 2.5 2 “u—
Threshold Factor k (mean + k sigma)
Confirmed
 LunarScan Enhancements
— FFTW for optimal Fourier transform speed
— Difference frame processing -
— Code optimization, faster median filtering O]
— Large AVI file reader (>2 Gbytes) Cosmic Ray #



